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a b s t r a c t
The fossil record of amphisbaenians in Europe has recently been augmented through the description of
newﬁnds across the continent. It has been suggested that the post-Miocene range of amphisbaenians fol-
lowed a progressive southward constriction that ultimately lead to their extant disjunct distribution. We
herein describe amphisbaenian vertebral material from the Pliocene of northern Greece, which demon-
strates that these reptiles were still present in the late Neogene of the southern Balkans. The new ﬁnd
represents the youngest occurrence of amphisbaenians in continental Eastern Europe and further high-









r é s u m é
Les archives fossiles des amphisbaeniens en Europe ont récemment été augmentées grâce à la description
de nouvelles découvertes à travers le continent. Il a été suggéré à plusieurs reprises que l’extension des
amphisbaeniens post-Miocène a subi une réduction progressive vers le sud qui a ﬁnalement conduit
à leur distribution disjointe actuelle. Nous décrivons ici une vertèbre d’amphisbaenien du Pliocène du
nord de la Grèce, ce qui démontre que ces reptiles étaient présents dans le Néogène tardif du sud des
Balkans. La nouvelle découverte représente la plus récente occurrence d’amphisbaeniens en l’Europe
de l’Est continentale et met davantage en évidence le rôle de la région grecque en tant que « refuge »
biogéographique pour certains groupes de reptiles pendant le Néogène tardif et le Quaternaire.
1. Introduction
Amphisbaenians (orworm lizards) are squamates characterized
by a peculiar external morphology and skeletal anatomy, and are
currently distributed in various parts of Europe, Africa, Western
Asia, and North, Central, and South America (Estes, 1983; Kear-
ney, 2003). In the extant European herpetofauna, amphisbaenians
are currently represented solely by the genus Blanus Wagler, 1830
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(Sindaco and Jeremcˇenko, 2008; Sillero et al., 2014; Speybroeck
et al., 2016). Within Blanus, two different species complexes are
currently recognized that are also reﬂecting their highly disjunct
geographic distribution: the Blanus cinereus complex in the Iberian
Peninsula and northwestern Africa (Albert and Fernández, 2009;
Ceríaco and Bauer, 2018) and the Blanus strauchi complex in Ana-
tolia and parts of theMiddle East, but also present in certain islands
in the southern Aegean Sea (Sindaco et al., 2014). Nevertheless, the
fossil record already attests a much more diverse amphisbaenian
European fauna with a much broader geographic distribution since
at least the early Paleogene,with LateCretaceous records also exist-
ing (Rage, 1999; Augé, 2005, 2012; Blain et al., 2010; Folie et al.,
2013). The post-Miocene distribution of European amphisbaenians
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shows a gradual southward constriction of their range to Mediter-
ranean Europe (Delﬁno, 1997, 2003; Delﬁno and Bailon, 2000; Blain
et al., 2007). However, all Pliocene and Quaternary amphisbaenian
records were so far solely conﬁned to  the Western and Central
parts of Mediterranean Europe (Delﬁno, 1997, 2003; Delﬁno and
Bailon, 2000; Blain et al., 2007). Coeval records from the Balkans
were totally absent, whereas a  sporadic occurrence from Anatolia
also exists (Rage and Sen, 1976). We  here describe an amphisbae-
nian vertebra from the early Pliocene (MN  15) of Spilia-4 locality in
northern Greece, which demonstrates that amphisbaenians were
present in the southern Balkan Peninsula as well, and further rep-
resents their youngest occurrence in continental Eastern Europe.
We further describe and ﬁgure, for the ﬁrst time, vertebral laminae
on amphisbaenian vertebrae, following the terminology that has
recently been suggested for lacertid lizards (Tschopp, 2016).
Institutional  abbreviations: MDHC, Massimo Delﬁno Herpetolog-
ical Collection, University of Torino, Torino, Italy; UU, University of
Utrecht, Utrecht, The Netherlands.
2.  Material and methods
The  single amphisbaenian trunk vertebra, which forms the basis
of this study, was found in the locality of Spilia-4 in  northern
Greece. The material is permanently curated in  the collections of
the Department of Earth Sciences of UU and is  accessioned under
the collection number UU SP4 501. Comparative material consisted
of extant skeletons of amphisbaenians housed in MDHC. Anatom-
ical terminology of vertebral structures follows Estes (1983) and
Augé (2005) and terminology of vertebral laminae follows Tschopp
(2016). Regarding the terminology of vertebral laminae, it is worth
noting that Tschopp (2016, his ﬁgure 1) depicted the centro-
postzygapophyseal and the spinopostzygapophyseal laminae in an
erroneous inverted way, whereas they are correctly deﬁned and
their terminology is  rather clear in  his main text (the names of the
laminae are also self-explanatory even from an etymological point
of view).
3.  Locality
The locality of Spilia-4 is situated near the city of Serres, in
the administrative region of Central Macedonia in  northern Greece
(Fig. 1). Spilia-4 belongs to the Spilia Formation of the Strymon (or
Serres) Basin, along with the adjacent localities of Spilia-0, Spilia-
1, and Spilia-3 (Van Der Meulen and Van Kolfschoten, 1986; de
Bruijn, 1989; Koufos, 2006). At  its lower part, the Spilia Formation
consists of sands, marls and occasional lignites, whereas at its top
there is  an increasing amount of conglomerates with crystalline
material (de Bruijn, 1989). All different localities within Spilia are
of  early Pliocene age, with Spilia-0 and Spilia-1 being the oldest
(MN 14), whereas Spilia-3 and Spilia-4 are younger (MN  15), mostly
dated on the basis of micromammal ﬁnds (de Bruijn, 1989; Koufos,
2006). The micromammal fauna of Spilia-4 comprises only rodents,
pertaining to murids, glirids, and arvicolids, whereas no large mam-
mals have been recovered so far (Koufos, 2006). No squamates or
other reptiles had been described so far  from Spilia-4 or the adja-
cent Spilia localities. To the contrary, within the Strymon Basin, in
the  nearby Lefkon formation, the older localities of Ano Metochi
(MN 13) and Maramena (MN  13/14) have also produced abundant
Fig. 1. Map  of Greece with the black circle indicating the locality of Spilia-4. The black ﬁlling in certain Aegean Islands and parts of Anatolia indicate the extant distribution
of Blanus strauchi in the area.
Carte de la Grèce avec le cercle noir indiquant la localité de Spilia-4. Le remplissage noir de certaines Îles de la mer Égée et de certaines parties de l’Anatolie indique la  répartition
actuelle de Blanus strauchi dans la région.
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Fig. 2. Trunk vertebra (UU SP4  501) of Amphisbaenia indet. from Spilia-4, in dorsal (A), left lateral (B), anterior (C), ventral (D), right lateral (E), and posterior (F) views. Scale
bar  is 1 mm.
Vertèbre  dorsale (UU SP4 501) d’Amphisbaenia indet. de Spilia-4, en  vues dorsale (A), latérale gauche (B), antérieure (C), ventrale (D), latérale droite (E) et postérieure (F). L’échelle
représente 1 mm.
squamate remains (Richter, 1995; Szyndlar, 1995; Georgalis et al.,
2017a).
4. Systematic Palaeontology
Reptilia  Laurenti, 1768
Squamata  Oppel, 1811
Amphisbaenia  Gray, 1844
Amphisbaenia  indet.
Material:  UU SP4 501, a trunk vertebra (Figs. 2 and 3).
Locality:  Early Pliocene (MN  15) of Spilia-4 locality, Central
Macedonia, Greece.
Description:  UU SP4 501 is a  small trunk vertebra, with a  cen-
trum length equal to 2.4 mm (Fig.  2). The vertebral centrum is
procoelous and dorsoventrally compressed. It  has a  ﬂat ventral sur-
face and subparallel lateral margins. Two rather large subcentral
foramina are present near the sides of the ventral surface, at one
third of the centrum length. The cotyle is elliptical. The condyle
is eroded, but the original elliptical shape is  still recognizable. In
anterior view, the neural canal is  subtriangular and smaller than
the anterior cotyle. The lateral walls of the neural arch are mod-
erately robust. Because of this robustness and of the ﬂat anterior
surfaces, the lateral walls of the neural arch do  not form true cen-
troprezygapophyseal laminae anteriorly. On  the other hand, they
grow thinner posteriorly, forming moderately robust centropostzy-
gapophyseal laminae (Fig. 3B). Laterally, there are no posterior
centrosynapophyseal laminae. The synapophyses are eroded. Nev-
ertheless, it is still possible to recognize their massive and rounded
shape. The dorsal surface of the neural arch is  weakly convex, lack-
ing a neural spine. In  lateral view, the neural arch rises distinctly
with a gentle curve towards the posterior end. In dorsal view, the
arch is constricted in the middle. The anterior margin of the arch
is straight, whereas the posterior one is slightly concave. In ante-
rior view, the anterior margin of the arch has a  rounded edge,
therefore  not forming a real interprezygapophyseal lamina. The
posterior margin is slightly more sharpened in posterior view, even
though real spinopostzygapophyseal laminae are not present (also
because of the absence of the neural spine). There is no zygosphene
and no zygantrum. The zygapophyses are robust and moderately
large in  comparison to  the overall size of the vertebra, and they
are rather slightly tilted in dorsal direction. In lateral view, each
prezygapophysis is  connected to the related postzygapophysis by  a
rather  low postzygoprezygapophyseal lamina (Fig. 3A). The prezy-
gapophyseal facets are subcircular, whereas the postzygapophyseal
ones are suboval and slightly anteroposteriorly elongated. The lat-
eral margins of the prezygapophyses are damaged and so it is not
clear whether small prezygapophyseal processes were present or
not.
Remarks: The vertebra from Spilia-4 can be  assigned to Amphis-
baenia on the basis of the following combination of characters:
dorsoventrally compressed centrum with a ﬂat ventral surface and
roughly parallel lateral margins, massive and rounded synapophy-
ses, absence of zygosphene, and a  dorsally weakly convex neural
arch lacking a  neural spine (Estes, 1983). Currently, no clear diag-
nostic feature allowing identiﬁcation at family level is  known for
isolated trunk vertebrae of this group of squamates (Estes, 1983;
Augé, 2005, 2012; Georgalis et al., 2016c, 2018a).
5. Discussion
Fossil amphisbaenians from the Northeastern Mediterranean
region (Balkans and Anatolia) were so far  restricted to indetermi-
nate vertebral material from the late Miocene (MN  9) of  Plakias,
Crete (Georgalis et al., 2016c) and the Pliocene (MN  15) of C¸ alta,
Anatolia (Rage and Sen, 1976), whereas cranial material from the
middle Miocene (MN 7/8) of Gebeceler, Anatolia (Georgalis et al.,
2018a) and the middle Miocene (MN  7/8) of Taut¸, Romania (Venczel
and S¸ tiuca˘, 2008) demonstrate the presence of the extant genus
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Fig. 3. Trunk vertebra (UU SP4 501) of Amphisbaenia indet. from Spilia-4, in left
lateral (A) and posterior (B) views, indicating the left postzygoprezygapophyseal
lamina (A) and the centropostzygapophyseal laminae (B). The laminae are repre-
sented by a thick black line. Scale bar is 1 mm.
Vertèbre  dorsale (UU SP4 501) d’Amphisbaenia indet. Spilia-4, en vues latérale gauche
(A)  et postérieure (B), montrant la lame postzygoprézygapophysaire gauche (A) et les
lames centropostzygapophysaires (B). Les lames sont représentées par une ligne noire
épaisse. L’échelle représente 1 mm.
Blanus in the area as early as the middle Miocene. Despite the
fact that Blanus strauchi (Bedriaga, 1884) occurs today in  certain
Greek Islands of the Aegean Sea (Sindaco et al., 2014) and that
amphisbaenians were, as noted above, present in the Miocene of
the Island of Crete (Georgalis et al., 2016c), no amphisbaenians
(extinct or extant) had ever been recorded from the mainland of
Greece. The new amphisbaenian from Spilia-4 demonstrates that
these squamates achieved a much wider geographic distribution
during the Neogene, which encompassed also northern Greece.
Nevertheless, the presence of amphisbaenians in the Pliocene of
northern Greece is consistent with a  southward withdrawal of the
European range of worm lizards during the late Neogene, as has
already been previously suggested (Alexander, 1966; Delﬁno, 1997,
2003; Bolet et al., 2014; Georgalis et al., 2018a), but this range
is herein demonstrated for the ﬁrst time to conﬁdently include
also the southern Balkans. In any case, such biogeographic pat-
tern of amphisbaenians is fully concordant with similar southward
range withdrawals observed for other reptile clades during the
Plio-Pleistocene, such as pan-trionychids, geoemydids, large-sized
testudinids, agamids, the large-sized anguid Pseudopus, varanids,
scolecophidians, erycine booids, elapids, and “Oriental Vipers”
(Szyndlar and Rage, 1990; Szyndlar, 1991; Bailon and Blain, 2007;
Chesi et al., 2007; Delﬁno et al., 2008; Georgalis and Kear, 2013;
Georgalis et al., 2016a, 2017b, 2018a; Georgalis and Joyce, 2017).
Especially as it concerns Greece and the southern Balkans, this
area has repeatedly served as a  biogeographic “refugium” for many
reptiles: indeed, several of the above mentioned clades currently
have  their sole extant European ranges only in  that area (e.g.,
agamids, Pseudopus, scolecophidians, “Oriental Vipers”, and erycine
booids) (Szyndlar, 1991; Delﬁno et al., 2008; Georgalis et al., 2016a),
whereas others, which are now locally extinct, have their youngest
fossil occurrences from the continent also from that area (e.g.,
varanids) (Georgalis et al., 2017b). Note that a recently described
population of Eryx jaculus (Linnaeus, 1758) from Sicily could most
probably be the product of human transportation during Antiquity,
however, this hypothesis has still to be evaluated (Insacco et al.,
2015).
Amphisbaenian vertebrae can offer no further insight about a
more precise taxonomic determination (Estes, 1983; Delﬁno, 1997,
2003; Georgalis et al., 2016c). On  the basis of a  biogeographic ratio-
nale and taking also into consideration the previously described
cranial elements from the middle Miocene of Romania and Turkey
(Venczel and S¸ tiuca˘, 2008; Georgalis et al., 2018a), it seems proba-
ble that the material could belong to  the genus Blanus. However, the
absence of skull material from Spilia-4 precludes any such generic
assignment with conﬁdence.
6.  Conclusions
We  herein describe an amphisbaenian vertebra from the
Pliocene of the Spilia-4 locality in  northern Greece. Amphisbae-
nians are today living in certain Greek islands of the Aegean Sea
and, furthermore, the clade has an indeterminate fossil record from
the Miocene of Crete Island (Georgalis et al., 2016c). Nevertheless,
the new ﬁnd from Spilia-4 represents the ﬁrst occurrence of an
amphisbaenian from the Greek mainland, it further expands the
late Neogene distribution range of that squamate clade and, most
importantly, it marks its youngest record from continental East-
ern Europe. In addition, the new amphisbaenian from Spilia-4 adds
further evidence to the recently growing record of fossil squamates
from Greece (Georgalis et al., 2016a, 2016b, 2016c, 2017a, 2017b,
2018a, 2018b, 2018c).
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